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Molecular Biology SelectRecent insights into the roles of small RNAs in plant biology are examined in this issue’s Molecular Biology Select.
These findings shed light on the types of small RNAs that move between tissues to mediate long-distance RNA interfer-
ence, uncover important new players in transcriptional gene silencing, and reveal a dynamic mechanism of root cell
specification.The Epigenetic Consequences of Mobile Small RNAs
Diffusible signals in plants spread RNA silencing from tissue to tissue over both short and long distances, but how does RNA
interference in plants spread over long distances? In a recent paper, Molnar et al. (2010) observe that 24 nucleotide small
RNAs in the model plant Arabidopsis thaliana are transported in phloem between shoots and roots and once at their destina-
tions have the ability to direct epigenetic change in recipient cells. The study cleverly uses grafts between wild-type plants
and plants with impaired small RNA biogenesis and high-throughput sequencing technologies to demonstrate that multiple
sizes of small RNAs aremobile. These include 21 nucleotidemiRNAs and 21 to 24 nucleotide small-interfering RNAs (siRNAs).
The 24 nucleotide siRNAs are known to mediate RNA-directed DNA methylation, and this is confirmed by assessment of
methylation at three target loci in the recipient tissue. Intriguingly, the 24 nucleotide siRNAs also appear to be more frequent
in the pool of mobile RNAs than the other classes. Understanding the reasons why they are enriched could shed light on the
mechanisms that regulate the production and transport of mobile small RNAs. These efforts also lay the groundwork for the
discovery of new physiological roles for the transmission of epigenetic modifications between distant tissues.
A. Molnar et al. (2010). Science. Published online April 22, 2010. 10.1126/science.1187959.A 21 nucleotide siRNA, which targets
SULPHUR mRNA, moves 10–15 cells beyond
the vasculature to generate a chlorotic leaf
phenotype. Image courtesy of P. Dunoyer.RNAs in Duplex Give Neighbors the Silent
Treatment
In related work, Dunoyer et al. (2010a) provide evidence that 21 nucleotide
siRNAs are mobile and mediate long-range RNA interference. To do this they
use an experimental system in which phloem companion cells of Arabidopsis
produce a double-stranded RNA (dsRNA) that targets SULPHUR (SUL) mRNA,
a gene that is expressed ubiquitously. The resulting SUL deficiency causes
leaves to lose their green color (chlorosis). By manipulating expression of
Dicer-like 4, the enzyme that processes the long dsRNAs, they show that for
long-distance silencing to occur processing needs to take place in the phloem
companion cells, not in the recipient tissue, arguing that the mobile species
are 21 nucleotide siRNAs already processed by Dicer. They provide further
evidence that siRNAs move as part of duplexes, unbound by Argonaute 1
(AGO1). Instead, AGO1 loading would need to occur on arrival at the target
tissue. This raises an interesting question: If siRNAs do not travel preloaded
onto AGO1, what factors prevent loading from occurring in their cell of origin,
and conversely how is loading facilitated at the target tissue when it is uncoupled
fromDicer processing? This experimental system provides themeans to address
these and other compelling questions regarding the cell biology of silencing by
mobile RNAs.A companion paper by this group (Dunoyer et al., 2010b) reports the existence of long dsRNAsmade from two endogenous
loci, inverted repeat 71 (IR71) and IR2039, which appear to act in the same manner as experimental RNA interference. RNA
deep sequencing and genetic experiments show that dsRNA from these loci are processed by dicer-like proteins to give rise
to each of the major small RNA species, ranging from 21 to 24 nucleotides. Graft experiments establish that these siRNAs are
mobile, and examination of target tissue provides evidence that the 24 nucleotide species derived from IR71 promotes DNA
methylation. Future work may reveal important physiological roles for these endogenous loci, including examination of the
authors’ compelling proposal that these loci could help particular Arabidopsis ecotypes adapt to specific environmental
conditions and stresses.
P. Dunoyer et al. (2010a). Science. Published online April 22, 2010. 10.1126/science.1185880.
P. Dunoyer et al. (2010b). EMBO J. Published online April 22, 2010. 10.1038/emboj.2010.65.A New Actor Joins Cast of 24 Nucleotide RNAs
In a recent genetic screen for regulators of transcriptional gene silencing inArabidopsis, Gao et al. (2010) uncover a newplayer
in RNA-directed DNA methylation, called RDM1. Loss of RDM1 affects the levels of 24 nucleotide siRNAs produced by RNA
polymerase IV (Pol IV), decreases DNA methylation, and increases expression of genes at siRNA target loci. Taking stepsCell 141, May 14, 2010 ª2010 Elsevier Inc. 555
towards revealing RDM1’s mechanisms of action, the authors show that it interacts with RNA polymerase II and with
Argonaute 4 (AGO4), a key effector protein for transcriptional gene silencing. Moreover, initial evidence suggests that
RDM1 binds to single-strand methyl DNA, as might be found at regions of DNA being replicated or transcribed. The authors
propose that RDM1 potentially acts in two different contexts: at siRNA loci being transcribed by Pol V in a perinucleolar
compartment and at nucleoplasmic Pol II loci targeted for silencing. In-depth analysis of these compelling scenarios will likely
shed light on the precise mechanisms of action of RDM1 and its interacting partners.
Z. Gao et al. (2010). Nature. Published online April 21, 2010. 10.1038/nature09025.Golden rice ready for harvest. Image courtesy
of Y. Qi.MicroRNAs Set a Course for DNA Methylation
siRNAs are not the only small RNAs to contribute to RNA-directed DNA methyl-
ation. Working in rice (Oryza sativa), Wu et al. (2010) now report the discovery of
a class of 24 nucleotide microRNAs (miRNAs) that promote RNA-directed
DNA methylation. This class differs in size from canonical miRNAs, which are
21 nucleotides in length, and hence are named long miRNAs (lmiRNAs).
Whereas creation of the canonical miRNAs requires Dicer-like enzyme 1
(DCL1), the biogenesis for lmiRNAs is found to rely on DCL3. Interestingly,
some loci are able to produce both 21 and 24 nucleotide miRNAs through the
combinatorial actions of DCL1 and DCL3, suggesting that this decision point
could be a regulated event. Following biogenesis, 24 nucleotide miRNAs are
sorted into complexes with AGO4 family proteins, whereas the 21 nucleotide
miRNAs are bound by proteins of the AGO1 family. How this specificity is
achieved is not yet known, although the authors suggest that the signal may arise
from the machinery for miRNA biogenesis, as neither miRNA size nor the
50-terminal nucleotide accounts for the specificity of loading between the two AGO families. They further show that lmiRNAs
can direct cytosine methylation both at target gene loci and at sites of their own transcription. Hence, their length, their ability
to direct DNAmethylation, and their dependence on AGO4make lmiRNAs reminiscent of 24 nucleotide siRNAs. Although the
origins of 24 nucleotide siRNAs andmiRNAs clearly differ, will future work on their targets andmechanisms of action continue
to blur the boundaries between them or will clear and consistent distinctions emerge? And can lmiRNAs, like 24 nucleotide
siRNAs, move between tissues to mediate long-range silencing?
L. Wu et al. (2010). Mol. Cell. Published online April 8, 2010. 10.1016/j.mol-cel.20010.03.008.Making a Small RNA Tradeoff
New findings by Carlsbecker et al. (2010) show that mobile microRNAs (miRNAs) convey positional identity during root
differentiation. Working in Arabidopsis, the authors show that miRNAs made in the endodermis are critical to the proper
differentiation of xylem tissue in the root meristem. Xylem is a vascular tissue that functions in water transport and consists
of two cell types: protoxylem, which lies next to endodermal cells, and metaxylem, which forms an axis between the two
protoxylem cells. The correct patterning of these cell types depends on crosstalk between the endodermis and the central
vascular cylinder that gives rise to protoxylem and metaxylem. The story begins with the transcription factor SHORT
ROOT, which is made in the vascular cylinder and then travels to the endodermis. There it activates the transcription factor
SCARECROW to drive expression of miRNA165a andmiRNA166b. ThesemiRNAs promote the degradation of target mRNAs
encoding class III homeodomain-leucine zipper (HD-ZIP III) transcription factors, and because of their mobility they function
in both the endodermis and at the periphery of the neighboring vascular tissue. This distribution leads to differential levels
of the HD-ZIP III factors in the xylem precursor cells, determining their radial positions and distinguishing cells that become
metaxylem from those that become protoxylem. Future work may reveal additional factors that control the expression and
movement of these miRNAs within the range that permits these specification events to occur.
A. Carlsbecker et al. (2010). Nature. Published online April 21, 2010. 10.1038/nature08977.
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